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Abstract 
This paper deals with the study of Doubly Fed Induction Generator based wind turbine 
power generation system. The Dynamic response of proposed system, DFIG is connected to 
grid during the fault conditions are verified in MATLAB/Simulink software. A wound rotor 
type based induction generator, stator is connected to the grid though 25kv distribution line 
and the rotor is connected to the grid through back-to-back IGBT based voltage source 
converter which are used for the design of DFIG. The proposed doubly Fed Induction 
Generator system has ability for generating the maximum power under low speed wind 
conditions. The control system for the rotor, stator, pitch angle control, wind turbine power, 
DC bus voltage, grid voltage and reactive power control are designed. 
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INTRODUCTION 
With the expansion in population and 
industrialization, the energy demand has 
increased crucially. However, the conventi
onal energy sources such as coal, oil and 
gas are limited in nature. Presently there is 
a requirement for sustainable power 
sources like renewable energy sources for 
the future liveliness request [1].The other 
main advantages of these renewable source 
is eco friendliness and unlimited in nature[
2]. Due to the technical advancements, the 
price of the wind energy produced is 
comparable to that of traditional power 
flowers. Consequently, the wind power is 
the maximum favorable out of all renewab
le power resources [3]. Within the initial 
days, wind mills are used as constant pace 
wind generators with squirrel cage inducti
on generator and capacitor banks with 
outside resistors. Formerly, most of the 
wind mills are fixed speed because of their 
simplicity and much less value [4].By 
monitoring wind turbine characteristics, 
one can obviously recognize that for 
extracting maximum power, the machine 
should run at varying rotor speeds at 
different wind speeds. By using modern 
power electronic converters, the machine 
is able to run at balanced speeds [5]. These 
balanced speed wind turbines are able to 
improve maximum energy production in 
the wind strength conversion systems [6] 
Out of all variable velocity wind generator
Doubly Fed Induction generators (DFIGs) 
are favored because of low value [7]. The 
opposite advantages of this DFIG are the 
higher strength output, decrease converter 
rating and better usage of generators [8]. 
Due to these features DFIGs improves 
exact damping overall Performance for the 
vulnerable grid. The DFIG is currently the 
device of preference for multi-MW wind 
turbines. The DFIG device operates in 
both sub and outstanding synchronous 
modes with a rotor pace range across the 
synchronous speed. Independent control of 
active and reactive power in the DFIG is 
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achieved by the decoupled vector control. 
This vector control of such system is 
usually realized in synchronously rotating 
reference frame i.e., oriented in Doubly 
Fed Induction Generator for Wind Energy 
Conversion System. The proposed system 
is that the dynamic response of doubly fed 
induction generator during the fault 
conditions. 
 
WIND-TURBINE DOUBLY-
FED INDUCTION GENERATOR 
Doubly-fed induction generator is shown 
in Fig. 1.The DFIG is an induction 
generator with a wound rotor type, the 
rotor and stator connected to electrical 
source, so it is called as „doubly fed‟. The 
stator is connected to grid and rotor is 
connected to grid via power electronic 
converters such as AC/DC/AC converters 
and that converters are basically divided 
into two components. They are: (i) The 
rotor side converter (ii) The grid side 
converter. From the fig., C rotor and C 
grid are Voltage Sourced Converters 
which use compelled commutated power 
electronic devices (IGBTs) to mix an AC 
voltage from a DC voltage supply. A 
capacitor that is linked at the DC facet, 
acts as the DC voltage supply [3]. A 
coupling inductor L, used to connect C 
grid to the grid for removing outside 
harmonics inside the gadget. The 3-section 
rotor winding is connected to C rotor 
through slip jewelry and brushes and the 
three segment stator winding is directly 
related to the grid. 
 
Fig 1: The wind turbine and the DFIG 
system (Power Flow) 
 
The power transferred by the wind turbine 
converts into useful electrical power by the 
induction generator and it is transmitted to 
the grid via the stator and the rotor three 
phase windings. The control system genera
tes the pitch angle control and the voltage 
control signals Vr and Vgc for Crotor and 
Cgrid   in order to control the power of the 
wind turbine, the DC bus voltage and the 
voltage at the grid terminals [4].The power 
flow of DFIG wind energy conversion 
system, illustrated in Fig. 1, used to 
represent the operating principle.  
The mechanical power and the stator 
electrical output power are enumerated as 
follows: 
𝑃𝑚 = 𝑇𝑚 ∗ 𝑤𝑟………………1 
𝑃 𝑠 = 𝑇𝑒𝑚 ∗ 𝑤𝑠………………2 
For a lossless generator, the mechanical 
equation can be written as: 
             (𝑑𝑤𝑟/𝑑𝑡) = 𝑇𝑚 ∗ 𝑇𝑒𝑚………..3 
In steady-state at fixed speed, for a lossless 
generator, it is given as: 
 𝑇𝑚 = 𝑇𝑒𝑚 and 𝑃𝑚 = 𝑃𝑠 + 𝑃r 
It follows that: 
𝑃 𝑟 = 𝑃𝑚 − 𝑃 𝑠 
= 𝑇𝑚 ∗ 𝑤𝑟 − 𝑇𝑒𝑚 ∗ 𝑤𝑠 = −𝑠𝑃 
𝑠.............4 
Where s = (ωs-ωr)/ωs, defined as the slip 
of the generator. 
 
RSC AND GSC CONTROL SYSTEMS 
Rotor Side Converter Control System 
The rotor-side converter (RSC) applies the 
voltage to the rotor windings of the doubly 
fed induction generator.  
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The purpose of the rotor-side converter is 
to control the rotor currents such that the 
rotor flux position is ideally placed with 
respect to the stator flux in order to 
develop the desired torque at the shaft of 
the machine. The rotor-side converter uses 
a torque controller to adjust the wind 
turbine output power and the voltage (or 
reactive power) measured at the machine 
stator terminals. The power is controlled in 
order to follow a predefined turbine power 
speed characteristic to track the maximum 
power point. The actual electrical output 
power from the generator terminals are 
added to the total power losses(mechanical 
and electrical) and is compared with the 
reference power i.e., derived from the 
wind turbine characteristic. Usually, a 
Proportional-Integral (PI) regulator is used 
at the outer control loop to diminish the 
power error (or rotor speed error) to zero. 
The output of this regulator is the 
reference rotor current iqr-ref i.e., 
inculcated in the rotor winding by the rotor 
side converter. This qaxis component cont
ols the electromagnetic torque Te. The 
actual iqr component of rotor current is 
compared with iqr-ref and the error is 
minimized to zero by a current PI regulator 
at the control loop. The output of this 
current controller is the voltage vqr, 
produced by the rotor-side converter. 
Similarly, with another regulated idr and 
vdr component, the required 3-phase 
voltages applied to the rotor winding are 
derived. The current regulator which is 
assisted by the feed forward terms 
estimates Vqr. 
 
Fig 2: Rotor side converter control system 
 
The voltage at grid terminals is controlled 
by the reactive power produced or absorbe
d by the converter Crotor. The reactive 
power interchanges between Crotor and 
the grid, through the generator. In the 
exchange process, the generator consumes 
reactive power to supply its mutual and 
leakage inductances. The overflow of react
ive power is sent to the grid or to the 
Crotor. 
 
Grid side converter control system 
The grid-side converter is used to control 
the flow of real and reactive power i.e., 
connected to the grid. The purpose of the 
grid side converter is to keep the dc-link 
voltage constant despite of the magnitude 
and direction of the rotor power. The 
vector control method is used additionally 
with a reference frame placed along the 
stator voltage vector position, which 
enables the independent control of the 
active and reactive power flowing between 
the grid and the converter. The PWM 
converter was adjusted at presently with 
the d-axis current that is used to control 
the dc-link voltage and the q-axis current 
component to balance the reactive power. 
Fig. 3, introduces the schematic control 
structure of the grid-side converter.  
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Here, the capacitor voltage Vdc is compare
d with the Vdc-ref and produces the direct 
axis reference currents (Idgc-ref) of grid 
side controller , again this (Idgc-ref) is 
compared with measured current (Idgc) of 
grid side controller and produces the requir
ed grid side controller voltage. A compara
ble analysis for the control of the dq 
currents is carried out for the grid-side 
converter, further, that can be done for the 
control of the converter dq currents. [7]. 
 
Fig 3: Grid side converter control system 
 
Pitch angle controller 
A Proportional-vital (PI) controller is used 
to manipulate the blade pitch attitude 
control that allows you to get the most 
electric output energy to the nominal 
mechanical electricity. when the measured 
electric powered output strength appears 
under its nominal fee [8],the pitch 
perspective is stored constant at 0 diploma. 
when it will increase above its nominal 
fee, the PI controller enlarges the pitch 
attitude to get better the measured power 
from its nominal cost. The manage gadget 
i.e., proven in fig.(4).  
 
Fig 4: Pitch angle controller 
 
SIMULATION RESULTS                        
The DGIG based wind turbine is interconn
ected to the grid of a hundred and twenty 
kv gadget thru the 25kv distribution line. 
A wound rotor type asynchronous generato
r and the returned-to-back converters are 
used to design the Doubly Fed Induction 
Generator. The Stator winding of inductio
n generator is hooked up to the grid via the 
25kv distribution line and the rotor windin
g is hooked up to PWM converters. The 
DFIG is an advantage of producing maxim
um electricity, below the oscillating situati
ons. The simulation design of proposed mo
del is shown in fig.(5). The systems are 
simulated under constant wind speed of 15 
m/s. The electromagnetic torque controller 
is used to maintain speed at a constant 
value. The output power of the wind 
turbine is 1 pu at estimated speed i.e., wind 
speed of 15 m/s. 
 
Fig.5 simulation grid connected DFIG 
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Fig 6: Simulation circuit of DFIG based 
WECS. 
 
Initially, the system starts with steady-state 
condition. The dynamic response of the 
system is verified by generating fault in 
the interconnected grid. The amplitude of 
the voltage source is reduced to half of its 
actual value i.e., from 0.2 to 0.3 sec in the 
grid. 
 
Fig 7: Wind Speed of 15 m/s. 
 
Fig.(7), shows that the wind speed is 
maintained constant. The wind speed of 
Doubly Fed Induction Generator is 15m/s.  
 
 
 
 
 
 
 
 
 
 
 
 
WITH CONTROLLER: 
Fig 
8 : DFIG voltage and current 
 
From fig.(8), it is observed that, at the 
simulation time of 0.2 sec, the magnitude 
of voltage gets dropped i.e., from initial 
peak value of 1pu V. But the system gets 
started to recover oscillations from 0.25 
sec. 
 
 
 
Fig 9: Active and reactive power 
 
The active and reactive powers shown in 
fig.(9) and the figure illustrates that the 
real power is low during the fault time and 
it is increased after the fault. 
 
During the fault time, the reactive power 
drawn from the Doubly Fed Induction 
generator (DFIG) is more. From fig.(9), it 
is clearly observed that the reactive power 
is more when compared to DFIG normal 
conditions.  
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Fig 10: DC link voltage and rotor speed 
 
DC link voltage of the PWM converters is 
shown in fig (10) , it is really observed that 
DC voltage is constant as much as 0.2. it is 
found that the dc hyperlink voltage gets 
started oscillating from 0.2sec due to the 
declining of grid voltage requirement to 
half of the amplitude. however after four 
cycles, the DC voltage is balanced to its 
normal fee due to the DC voltage 
controller in Grid side Converter controller 
(see Fig three). The rotor speed is 
expanded to one.22 pu by the pitch 
controller, during the fault time i.e., 
zero.2-zero.3sec 
 
Fig 11: Electro Magnetic Torque (Te) 
 
 
 
The Electro Magnetic Torque of Doubly 
Fed Induction Generator is constant up to 
0.1 sec. From the fig.,(11), the torque is 
more throughout the fault time . 
 
 
 
Fig 12: 25kv line voltage and current 
 
From fig.(12), it is clearly observed that, 
the three phase ground fault is occurred in 
25kv distribution line. Therefore, the 
voltage becomes zero and the current is 
high because of the fault. 
 
Fig 13: Grid voltage and current 
 
It is clearly observed that the grid voltage 
is constant throughout the fault time 
i.e.,0.2-0.3sec. But the current which gets 
fluctuated up to four cycles, then, after it is 
balanced to initial steady-state conditions. 
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WITHOUT CONTROLLER 
Fig.14 DFIG Current 
 
Fig.15 Grid Current 
 
WITH CONTROLLER  
 Fig.16 DFIG Current 
 
Fig.17 Grid Current 
 
CONCLUSION  
The modeling and simulation analysis of 
Doubly Fed Induction Generator during 
the fault conditions is performed. The 
Steady state and dynamic performance of 
Doubly Fed Induction Generator during 
the fault condition is verified. The FFT 
analysis with respect to DFIG and grid 
current‟s, clearly states that THD is high 
without controller when compared to with 
controller. The DC link voltages get fluctu
ated during the fault and stabilizes after the 
fault by using DC voltage with controller 
i.e., the grid side controller is verified. The
 performance analysis of proposed techniq
ue is done in MATLAB/SIMULINK 
softare. 
REFERENCES 
1.  R. Pena, J.C. Clare, G.M. Asher, 
«Doubly fed induction generator using 
back-to-back PWM converters and its 
application to variable-speed wind 
energy generation», IEE Proc.Electr. 
Power Appl., Vol. 143, No. 3, May 
1996. 
2. The Math Works, "SimPower Systems 
For Use with Simulink", User‟s Guide 
Version 4. 
3. Nicholas W. Miller, Juan J. Sanchez 
Gasca, William W. Price, Robert W. 
Delmerico, «DYNAMIC MODELING 
 Journal of Advances in Electrical Devices  
Volume 2 Issue 3 
 
 
 
 
8 Page 1-7 © MAT Journals 2017. All Rights Reserved 
 
OF GE 1.5 AND 3.6 MW WIND 
TURBINE-GENERATORS FOR 
STABILITY SIMULATIONS», GE 
Power Systems Energy Consulting, 
IEEE WTG Modeling Panel, Session 
July 2003. 
4.  Muller, S., Deicke, M., Doncker, 
R.W.D.,” Doubly fed induction 
generator system for wind turbines‟‟, 
IEEE INDUSTRY APPLICATION 
MAGAZINE, May-June,2002. 
5.  Shaheen, S.A, Hasanien, M., Badr, 
M.A.,”Study On Doubly-Fed Induction 
Generator Control”, MPECON‟10, 
December 19-21,2010, ID 251. 
6. A.Tapia, G.Tapia, J.Ostolaza, 
“Modelling and Control of a Wind 
Turbine Driven Doubly Fed Induction 
Generator”, IEEE Trans on Energy 
Conv.Vol-18,No-2,June-2003. 
7. G. Abad, G. Iwanski, J. López, L. 
Marroyo, and M. A. Rodríguez, 
Doubly Fed Induction Machine: 
Modelling and Control for Wind 
Energy Generation Applications. 
Hoboken, NJ: Wiley, 2011. 
8. Yuan, X., & Li, Y. (2013) Control of 
Variable Pitch and Variable Speed 
Direct- Drive Wind Turbines in Weak 
Grid Systems with Active Power 
Balance. IET Renewable Power 
Generation, 8(2), pp. 119-131. 
 
